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ABSTRACT 
For hundreds of years the state of Maine has been home to pinniped populations. While 
these populations experienced heavy pressure from humans, they became federally 
protected under the Marine Mammal Protection Act in 1972. The Act ultimately included 
language to create the Marine Mammal Health and Stranding Response Program. This 
program has allowed for stranding networks to form to respond to stranded animals and 
collect data from these animals. Long term datasets have been produced by these 
stranding networks, providing a valuable resource for studying patterns and trends in 
marine mammal health. I utilized these datasets for my analysis of stranding trends and 
human interaction (HI) occurrences using data collected from stranded harbor (Phoca 
vitulina), harp (Pagophilus groenlandicus) and gray (Halichoerus grypus) seals from 
2007 to 2019 in Maine. As part of this analysis, I developed a new classification scheme 
for defining HI, which focuses on breaking down harassment based on the type of 
harassment and the risks that come with it. HI, and harassment in particular, presents a 
multitude of problems that affect pinnipeds on both an individual and population scale, 
while also presenting a risk to humans who interact with these mammals. This analysis 
will provide insight into where and which HI is occurring in Maine, helping us inform 
stranding networks on where to focus effort in mitigating human interaction, as well as 
how strandings and human interaction impact marine mammal health and larger trends 
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The United States (US), like most countries that border oceans worldwide, has a 
long history of exploiting its coastal ecosystems, including species that today are valued 
primarily for their non-consumptive use. Pinniped populations, for example, were 
decimated across the country in the 19th century first as a result of hunting for their meat, 
oils, and furs, and later when targeted by state and local-government financed bounties 
(Cammen et al. 2019). This exploitation continued in some locations until 1972, when the 
US Marine Mammal Protection Act (MMPA) was passed in response to growing concern 
over the conservation status of many marine mammal species. The passing of the 
MMPA, as well as other environmentally-focused legislative acts in the same decade, 
reflected a shift in cultural perspective to conservation and environmental protection.  
The MMPA was written in an effort to keep marine mammal populations at or 
above their optimum sustainable population level. To do so, the Act prohibits any “take” 
with exceptions permitted by the National Marine Fisheries Service for several defined 
activities, including incidental takes by the fishing industry. “Takes” are defined under 
the MMPA as the harassment, hunt, capture, or kill, or attempt to harass, hunt, capture, or 
kill any marine mammal (MMPA).  
In 1992, the MMPA was amended to include Title IV which created the Marine 
Mammal Health and Stranding Response Program. This program was tasked with 
responding to marine mammals in distress, monitoring marine mammal population 
health, and investigating unusual mortality events. This work is carried out by 
organizations that are authorized as members of a national marine mammal stranding 




include (i) dead animals found on a beach or in US waters, (ii) live animals found on a 
beach which are unable to return to the water without assistance or which require medical 
attention, and (iii) live animals on shore or in the water that are unable to return to their 
natural habitat without assistance (MMPA).  
Marine mammal stranding response organizations typically respond to reports of 
stranded animals by going to the site of a reported marine mammal to gather data about 
the animal and in some cases, collect the animal for transfer to a triage or rehabilitation 
center. The data gathered on these animals, including species, sex, age class, and 
stranding location, are stored in a national database. When evident, these data also 
include information on human interaction (HI), categorized at the most basic level as: 
vessel interaction, shot, fishery interaction, and other human interaction. The final 
category encompasses harassment of marine mammals, which includes behaviors such as 
tormenting or annoying a mammal with the potential to cause a disruption to the animal 
or its behavior.  
Collecting HI data is important in understanding how people are impacting the 
health of marine mammals. Human interaction can be responsible for injury, stress, 
abandonment, and death of marine mammals. The type of HI is often distinguished by 
injury and physical evidence. Vessel interactions can result in lacerations from propellers 
and evidence of blunt force trauma from boat collisions. Fisheries interactions are often 
characterized by the presence of fishing gear or open wounds that result from 
entanglement. Ingestion of fishing gear can be determined upon a necropsy. Evidence of 
harassment however is more challenging to identify and requires observation or reporting 




people have been observed throwing rocks at seals in order to get their attention 
(Constantine, 1999), and reports of people dragging seals into or out of the water are not 
uncommon. Even without physically interacting with the animals, approaching hauled out 
seals by boat or on land can flush animals into the water, with negative effects including 
stress and thermoregulatory challenges for the animal. The flushing of seals can also 
cause disruptions in mating if it occurs during the breeding season (Holcomb et al), as 
well as disruptions in lactation periods which can cause pups to become malnourished 
and underdeveloped. A regular disruption of the breeding season could have detrimental 
effects on the ability of a population to grow, as observed in the case of the Hawaiian 
Monk Seal at Kure Atoll, as described by Gerrodette & Gilmartin (1990). Beginning in 
the 1950s, humans and dogs regularly disturbed monk seals on beaches, causing a thirty-
year decrease in population levels and an increase in pup mortality ending in 1980. This 
disturbance caused a shift in haul out sites associated with the Atoll, and subsequently 
forced the Hawaiian Monk Seals into less habitable areas where predation was more 
common and pups had a harder time surviving (Gerrodette & Gilmartin, 1990). 
Human interaction can have unintended consequences that harm humans as well. 
For example, sea lions have been observed charging at humans that approach them too 
closely (Constantine, 1999). Humans that handle marine mammals are at a risk for 
getting bitten by the animals and can develop infections from zoonotic pathogens 
(Bogomolni et al, 2008). Generally, HI can have negative effects on both seals and 
humans in different ways. 
The role of marine mammal harassment in particular is of growing concern in 




pinnipeds, in particular harbor (Phoca vitulina), harp (Pagophilus groenlandicus) and 
gray (Halichoerus grypus) seals. Reports of HI cases have increased particularly in the 
southern part of Maine from 2007 to 2019, with the majority of these cases being 
attributed to harassment. Since the term “harassment” is broad and encompasses several 
human behaviors, there is currently uncertainty about the frequency of different types of 
human behaviors as well as the impact of these HI cases on pinniped population health in 
the region.  For example, approaching a seal would be considered harassment and it 
would likely cause the animal some stress. However, picking up that animal would likely 
compound the stress that animal is feeling and could lead to the injury of that seal, but 
still only be defined as harassment. The lack of detail in how these cases of harassment 
are categorized in the current HI classification scheme also make it difficult for stranding 
networks to track the types of HI that are occurring in their region, thus making it more 
difficult for them to mitigate these types of interactions.  
To address gaps in our current understanding of these HI cases, I have conducted 
an analysis of historical stranding records, with continuous support and input from 
Maine’s stranding networks. As part of this analysis, I developed a new classification 
scheme for defining HI, which focuses on breaking down harassment based on the type 
of harassment and the risks that come with it. With this new scheme, I describe when and 
where HI with seals occurs in Maine, and what species of seals are most often affected. 
These data will better inform stranding networks about where to concentrate their efforts 
on mitigating HI, as well as what types of HI are most common in those areas. By 









Stranding records from Marine Mammals of Maine, which handles response 
along the coast from Kittery to Rockland, and Allied Whale, which responds from 
Rockland to the Canadian border, were collected and entered in a custom database as part 
of a greater analysis of stranding trends in Maine’s pinnipeds. The database includes both 
reports of marine mammal strandings and sightings (animals that were reported by the 
public to a stranding hotline but were not confirmed as stranded or in need of assistance). 
For my analysis, I used data collected from stranded harbor (Phoca vitulina), harp 
(Pagophilus groenlandicus) and gray (Halichoerus grypus) seals from 2007 to 2019 in 
Maine. Of these, only stranded animals that had also been recorded in the US Marine 
Mammal Health and Stranding Response Program’s National Stranding Database were 
included. From these stranded animals, I further excluded any unconfirmed reports or 
reports of animals decomposed to the point of mummification.  
For my analysis, I extracted species, sex, age, location of stranding, evidence of 
HI, and the reporter or responder’s comments from all pinniped stranding reports from 
January 1, 2007 through December 31, 2019 from this National Database. With every 
stranding the response networks fill out a Level A form. This form created by NOAA is 
what is entered into the national database, allowing for the standardization of data. This 
form categorizes HI into four categories: vessel interaction, shot, fishery interaction, and 
other HI. With most HI cases a second form is also completed, the NOAA HI form. This 
form includes the HI categories: entanglement, vessel trauma, hooking, gunshot, 
mutilation, ingestion, harassment, and could not be determined (CBD)/other. I 




custom database which included more information taken by the reporter and responders 
directly involved in each case. 
To develop my modified HI categorization scheme, we considered all types listed 
on the NOAA HI Form, as well as more specific, common types of harassment observed 
in Maine. Beginning with a previously developed scheme from Marine Mammals of 
Maine, we narrowed down and combined types of harassment by looking at their impact 
to the seal. For example, taking pictures was incorporated into approach as the taking 
pictures itself if not the harassment, but the approach was. Similarly, all types of forced 
return to water were combined into one category as they all have the same result of the 
seal in the water. If the action included physical contact, this would be described by also 
selecting physical contact when describing the interaction. The goal of the scheme was to 
separate distinct types of harassment based on the impact on marine mammal health, 
rather than type of human behavior. 
We used the NOAA HI Form to provide a basis for our scheme, including all HI 
types listed on the form. We included unspecified harassment to describe cases we saw in 
the data with only “harassment” used to describe the interaction. Canine interaction was 
also included as dogs are typically on beaches with humans but are not restricted from 
approach by the MMPA.  
My new categorization scheme includes clear definitions of each type of HI 
primarily provided by NOAA, as well as its associated relevant risks to the seal.  The 
scheme was informed by my review of reporter and responder comments that indicated 
evidence of HI, and considered the potential implications of the HI type for animal well-




Bejder (2004) for categorizing HI cases with bottlenose dolphins. The categorization 
scheme was pilot tested on subsets of the data records and revised in an iterative process 
with feedback from marine mammal scientists and stranding network members. Feedback 
was gathered through one-on-one communication, at small research team meetings, and 
at regional scientific conferences.  
Using my new scheme, I re-assigned a HI type to all stranding records initially 
categorized as “harassment.” Records were re-classified using information included in 
the reporter and responder comments appended to each stranding report. I then analyzed 
spatial and temporal trends in HI cases in Maine during the study period using descriptive 





Following the data filtering steps described above, there were a total of 3533 
confirmed strandings reported to Marine Mammals of Maine and Allied Whale from 
2007 to 2019. Marine Mammals of Maine and Allied Whale saw their highest number of 
reports in 2018 and their lowest number of reports in 2010 and 2009, respectively (Figure 
1). Of the coastal counties, York County had the highest number of stranding reports 
(1,490) and Waldo had the lowest number of reports (50) from 2007 to 2019 (Figure 2). 
Harbor seals were the most frequently reported stranded pinniped, representing 
over 70% of the total strandings each year (Table 1). Overall, there were 3078 total 
harbor seal strandings reported, 268 harp seal strandings, and 187 gray seal strandings 
(Figure 3). Of the 3078 reports of stranded harbor seals, 31% were reported in 2018 
during a disease-associated unusual mortality event.   
Human Interaction 
Of the reported strandings, 522 involved confirmed HI. A greater number of HI 
cases were reported to Marine Mammals of Maine than Allied Whale every year since 
2011 (Figure 1), but overall a lower proportion of stranded cases involving HI were 
reported to Marine Mammals of Maine (14.6%) than Allied Whale (15.4%) over the 
entire study period. Both Marine Mammals of Maine and Allied Whale had the highest 
numbers of cases with HI in 2019 (Figure 1).  York County had the highest number of HI 
reports of the Maine counties; however, York County had the third highest proportion of 
HI to total reports (28%). The county with the highest proportion of HI cases was 




Harbor seals were the most interacted with each year, and in total. Harp seals 
were more interacted with than gray seals over the total time period, however, neither 
species was interacted with more than the other every year. All three seal species 
experienced increasing rates of human interaction from 2007 to 2019 (Figure 3). Pups 
were most frequently interacted with, followed by yearlings and then adults (Figure 7). 
Classification of Human Interaction 
To describe these HI cases, my new categorization scheme included the existing 
categories of entanglement, vessel trauma, hooking, gunshot, mutilation, and ingestion 
from the NOAA HI form and replaced harassment with human approach. I also added a 
new category of canine interaction based on the number of interactions reported between 
canines and seals. The human approach category was further subdivided based on the 
type of harassment and risk it posed to the seal. In total, I defined six human approach 
subcategories: physical contact, relocation out of water, relocation into water, 
unauthorized collection, covered, and feeding. These subcategories were included 
because they required approach before the harassment can be carried out. It is important 
to understand that in this analysis going forward, human approach is selected when 
selecting any of the subgroups. This ensures that all HI types are described within the 
data for each HI report. This scheme was presented to Marine Mammals of Maine and 
Allied Whale and feedback was provided to make the scheme clear, concise, and 
applicable (Table 2). 
The most frequently observed type of HI was “other human interaction” as 
categorized on the Level A form data and “harassment” on the NOAA HI form (Figure 




most frequent HI type was human approach. Human approach was reported in 341 cases. 
Within human approach, physical contact was the most common type of HI (Table 2). 
Using my scheme, the most common types of HI were human approach, 
entanglement, vessel trauma, canine interaction, and gunshot. Human approach, 
entanglement, vessel trauma, and canine interaction were most frequent in York County, 
whereas gunshot was most common in Washington County (Figure 8). 
From 2007 to 2019, harbor seals were the species most often approached, 
entangled, and involved in vessel trauma. Gray seals were the species most often shot 
(Figure 6). Pups were most often approached and involved in vessel trauma. Adults were 




 Human interaction with marine mammals has known risks of negative impacts for 
both the marine mammals and humans involved. Yet, in Maine, reports of HI cases have 
continued to increase in recent years, primarily attributed to harassment. To address 
current gaps in our understanding of the potential impact of harassment on pinniped 
populations, I undertook a retrospective analysis of stranding records from Maine from 
2007 to 2019.  As a part of this analysis, I described an updated classification scheme for 
defining HI, focusing on harassment and providing data on when and where HI occurred.  
My analysis revealed temporal and geographic trends in the number of strandings 
and HI cases across the state of Maine that can be in large part attributed to human 
population density and coastline access, which affect observation effort and reporting of 
stranding marine mammals. Throughout the study period strandings of harbor, gray, and 
harbor seals generally increased over time. These trends could be due to the warming of 
the Gulf of Maine causing a shift in prey distribution (Nye et al., 2009), a change in local 
climate in recent years reducing critical habitat features such as sea ice (Soulen et al., 
2013), or a shift in predator distribution as white sharks continue to rebound in the North 
Atlantic (Bastien et al., 2020). 
  Southern Maine saw a larger increase in strandings than Eastern Maine. The 
number of HI cases have also increased in both regions since 2007, as well as the 
frequency of HI cases. This increase, in part, triggered a need to understand the types of 
HI occurring, thus allowing stranding networks to better prevent these interactions. 
Throughout the study period there were higher numbers of reports of HI in Southern 




after 2013, however, HI reports of human approach were higher in Southern Maine than 
Eastern Maine, possibly corresponding to the higher population density located in this 
region compared to that of Eastern Maine. Higher human population density has also 
been associated elsewhere with areas of higher stranding density and higher HI cases, 
often attributed to both increased reporting effort and likelihood of interaction with 
humans in these areas (Goldstein et al., 1999). This has been previously identified as a 
factor influencing pinniped strandings through reporting effort (Olsen et al., 2020). 
 The increase in strandings and HI cases with time is a pattern also being observed 
on the West Coast of the United States (Warlick et al, 2018). Warlick et al. (2018) note 
that these trends are not a constant increase, but rather occur in spikes, similar to what is 
being observed in Maine. These strandings on the West Coast could be a result of 
weather events such as El Nino (Keledjian & Mesnick, 2013), an increase in fishing 
efforts, and outbreaks of disease as was seen in Maine in 2018. While this analysis does 
not factor in live versus dead strandings, a logical next step would be to compare human 
interaction occurrences to frequency of live or dead strandings in each region. Filling this 
gap of live or dead strandings could help develop an understanding of HI frequency 
during disease outbreaks such as the unusual mortality event that occurred in Maine in 
2018. It is important to have an understanding of what may cause increases in strandings 
to understand how stranding networks can better prepare for increases in report volume 
and scientists can better understand the relationship between pinnipeds and their habitats. 
The development of my classification scheme was strongly informed by 
considering the varied risks of HI to pinnipeds rather than the types of human behavior 




form while further developing the Level A “Other Human Interaction” category that 
currently comprises the majority of cases in Maine. These “Other Human Interaction” 
cases did not truly describe the types if HI. 
Harbor seals are the most commonly sighted species of seals in Maine (Katona et 
al. 1993). Accordingly, they are also the species that is most frequently reported to 
stranding networks, and the species with the highest number of HI cases. Harbor seals 
pup during the early summer months in Maine, during a time when human beach 
visitation rates are high. This results in more mothers and pups resting on beaches which 
humans are also occupying. Oftentimes humans assume that a pup has been abandoned if 
it has been left alone on a beach, even if the mother is just out foraging. Humans then will 
approach the pup to see if it needs help, or because they do not know how detrimental it 
can be to a pup's health. At this point, the pups are at a susceptible life stage and can be 
easily stressed. Unfortunately, long term patterns of approach can disrupt mother-pup 
bonding and ultimately can lead to abandonment (Wilson, 2005).  
When approach occurs, other types of harassment can as well. The most frequent 
type of HI following human approach is physical contact (Table 2). Physical contact can 
include petting, pickup up, or touching a seal in any way. This contact puts the animal at 
increased risk of stress, abandonment, injury, and disease transmission.  
 Consistent HI can lead to habituation of marine mammals. In New Zealand, there 
are reports of sea lion behavior remaining unchanged as they are closely approached 
(Constantine 1999). Similarly, Holcomb et al. (2009) described observing little 
measurable short-term behavioral changes in California sea lions in response to human 




could be an increased risk in zoonotic disease transmission. Furthermore, if humans begin 
to approach pinnipeds closely, they could be at risk of injury from aggressive behaviors 
such as charging described by Constantine (1999). 
 Gunshots made up approximately 1% of human interaction occurrences in Maine 
throughout the study period. However, these gunshots can be extremely harmful and 
lethal to pinnipeds. Gunshot wounds have been observed on the West Coast of the United 
States to have caused central nervous system damage, paralysis, and dermal abrasions in 
pinnipeds. There is also anecdotal evidence that these gunshots have been intentional, 
although banned as a result of the Marine Mammal Protection Act (Goldstein et al, 1999). 
While shooting a marine mammal is illegal in Maine as a result of the MMPA as well, it 
clearly still occurs and is oftentimes deadly for an animal. It is important to understand 
when and where this is happening in Maine to prevent it from becoming an issue large 
enough to impact populations.  
When analyzing the most frequent types of HI by county, clear patterns emerge. 
Human approach is most common in Southern Maine counties York and Cumberland 
where beaches are likely more heavily trafficked. Similarly, these beaches see the highest 
number of reports of canine interactions, as people may be taking their dogs to the 
beaches. Vessel trauma and fishery interactions were most common in York county, and 
gunshots were most common in Washington county (Figure 8). 
 By developing a stronger understanding of HI trends, stranding networks can best 
distribute effort along the coast of Maine to help negate the amount of HI being observed. 
Furthermore, in using a HI categorization scheme that is consistent throughout the state 




determine trends. Unfortunately, this scheme is not applicable to all regions outside of 
Maine. This scheme is specific to what has been observed with Maine’s pinnipeds, but 
would not apply to the types of human interaction observed to a region where there are no 
pinnipeds or in remote areas where marine mammals are hard to access and harassment is 
less common. However, the process of developing this scheme could be transferred to 
other areas where strandings and human interaction are well documented, specifically, 
the process of breaking down human interaction types based on marine mammal health 
rather than human behavior.  
This process could be used to further develop our understanding of how humans 
and marine mammals interact, as well as how human behavior impacts marine mammal 
health. With this understanding, trends in the impacts of humans on marine mammal 
health can be compared in regions across the globe. Similarly, trends in global HI can be 
compared to assess what types of HI are common globally and how humans are 
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APPENDIX A: FIGURES AND TABLES 
 
Figure 1: Number of strandings of harbor, harp, and gray seals reported to Marine 
Mammals of Maine and Allied Whale from 2007 to 2019. Darker blue bars on the bottom 
represent confirmed human interaction cases and lighter blue bars on the top represent 
















































Figure 2: Number of strandings of harbor, harp, and gray seals reported in each county 
























































Figure 3: Number of human interaction cases per year for harbor, harp, and gray seals 
































































Figure 4: Number of cases and frequency of human interaction (HI) reported in 





















Figure 5: Frequency of types of human interaction (HI) pinniped cases, categorized using 































Figure 6: Number of human interaction reports per species in Maine from 2007 to 2019 





























































































































































































































Figure 7: (Spans page 25-26) Number of human interaction reports by age class and 















































































































































































Figure 8: Number of occurrences of the most common five types of human interaction 
reported in association with stranded harbor, gray, and harp seals in each county in Maine 













































Table 1: Frequency of total stranded harbor, gray, and harp seals in Maine from 2007 to 
2019. 
 Pv Pg Hg 
2007 86% 7% 7% 
2008 84% 12% 4% 
2009 83% 14% 3% 
2010 71% 23% 6% 
2011 87% 10% 3% 
2012 96% 0% 4% 
2013 89% 3% 8% 
2014 88% 8% 4% 
2015 85% 9% 6% 
2016 85% 10% 5% 
2017 84% 8% 8% 
2018 94% 1% 4% 





















Table 2: Number of occurrences of each type of human interaction under the new classification 
scheme reported in association with stranded harbor, gray, and harp seals in each county 















Human Approach 341 
Physical contact 167 
Relocation out of 
water 28 



















Table 3: New classification scheme of human interaction (HI), including definition of each type 
of HI and possible risk associated with the interaction. 
HI type HI definition Possible risk to seal 
Vessel Trauma (sharp, blunt, 
both) 
 




Entanglement (gear, debris, 
CBD) 
 






Occurs when a fishing hook (or lure) is imbedded on the body or 
in the mouth of an animal. If the hook or lure is in the throat or GI 







Gunshot wound • Injury 
• Death 
Ingestion (gear, debris, CBD) 
Occurs when an animal ingests a foreign object, i.e.,the object 






Occurs when an animal or carcass is intentionally harmed, 
especially when cut or sliced, generally involves the use of some 
type of knife or blade and can result in wounds and amputations 
including body sliced, stabbed, or gutted or appendages removed. 






Observed approach of one or more people within 50 yards of the 
animal on land or in water 
• Stress 
• Abandonm
ent of pups 
Physical contact 
 








ent of pups 
Relocated out of water 
 
Physically removing animal from water or chasing it out of water 
Relocated into water 
 




Relocating animal onto or off the beach, transported, bringing 
home, etc 
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